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Preface

California's ability to preserve current levels of access to its system of public
higher education is threatened by increasing enrollments, pressures on the state
budget, and the increasing costs of higher education. This study addresses the
conditions under WhiCh California can preserve access over the next two decades.
The study uses a new approach to decision making under uncertainty, called
exploratory modeling, that combines traditional quantiative forecasting
techniques with the insights from scenario-planning.

This effort is one element of a larger program performed by RAND's
Institute for Education and Training (IET) to study issues of direct relevance to
California's higher edUCation system. As such, this work should be of interest to
California policyrnakerS dealing with higher education within the state, as well
as to policymakers in other states who may be facing issues similar to those
confronting CalifOrnia.

This program has been supported by the California Higher Education
Roundtable, which includes leaders from the California Community Colleges,
California State University, University of California, and California private
universities. This Work has benefitted greatly from the direction and data
obtained from these representatives, as well as from the California Postsecondary
Education CommiSsion.
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Sumniary

For over thirty years; California's system of public higher education has led
the nation in providing a college education to all citizens who could benefit from
it. This policy has helped California generate great Wealth and social mobility. In

the emerging inforfriatiOn economy, widespread higher education is more
important than ever.:

Several trendS; ficAvever, suggest that California's ability to maintain, much
less increase, high level's Of college-eduCation may be at risk. First, with the
state's growing population, many more students will seek access to higher
education. This ''Tidal Wave II" could be as large as a million additional
students. Second, the fraction of state resources devoted to higher education has
been dropping in recent years because of growing demands on the state budget
that compete with education, such as corrections, health, and welfare. Without a
signifiCant change in priorities, it is likely that funding for higher education will
continue to be limited. Third, the costs of higher education have been rising
faster than inflation over the last thirty years. While other sectors of the
economy have also seen such rising costs, the higher education sector has not
shoWn a significant offsetting increase in productivity.

The challenge for policymakers is to assure access to California higher
education in the fa& of these trends. The problem is complicated by the fact that
each of these trends is uncertain. No one knows precisely how many students
will seek access to higher education, nor what funds will be available from the
state, nor which productivity improvements are possible or desirable in higher
education. A nurriber Of Studies have assessed these trends and recommended
actions state policyrnaketS should take. These studies take the traditional
approach of basing their recommendations on a single best estimate of each of
theSe trends, essentially ignoring much of the uncertainty about the future.

When uncertainties are large, however, projections of the future are often
wrong. Policies based on best estimates can fail if the future turns out differently
than expected. In addiiion, decision makers can spend too much time debating
the most likely future father than developing flexible, robust strategies that can
take advantage of fortuitous opportunities and avoid unexpected difficulties.
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This study uses a rieW approach to make a quantitative assessment of the
various trend's facifig C.alifo rilia higher edUcation and to suggest the implicatiOns
they haVe for cUrretif poliey c'hoice's. Old approach combines two previously
distind strands bf strategic planning methodology. The traditiOnal forecasting
techniques eiriployed in iH.dst studies of California higher echication use
SophistiCatecl models and available data to project likely trends. These
approaChes provide ritichrigbt but haVe difficulty Coping with the uncertainty
inherent in most deel§ibh§: Reeently, many public and private sector
organization's have 11§e scenario - planning techniques that help decision
Makers bring uncertainty iftt6 theiir plaruiing and help different stakeholders
agree on a framework for discussion. However, scenario-planning as currently
practiced cannot Make ilk' bf available quantitative information.

Our new approach; Called ekploratoty modeling, exploit's new computer
Capabilities to embed quantitative forecasting into scenario planning. Using this
approadi, we examine ho* the interrelationship of key trendsgrowing
demand for higher edifeatidh ifitreasing competition for state revenues, and
potential productivity irripitiVeinentsinay affect the future Of California higher
education. We use diihpiitet 'simulation models and data similar to those used
by other stUdie§: kathef than projecting the most likely trends, however, we
examine a late nUirii3er of plausible scenarios for the future: We make visual
representations Of the's'e scenarios and use these "landscapes Of plausible futures"
to clarify key unce'r'tainties faEing decisibri makers, to provide a framework that
Can be used by the diffefetit §takeholders to debate differing views of the future,
and to compare the effects bi different policy choices.

While it May semi that abandoning a best estimate for a large set of
plausible futUte§ Catili3liCate§ the decision- making problem, it actually provides
teal and 'very USeftii information. Perhaps surprisingly, when we trade the
question "What is fr-JO. hi* to happen in the future?" for "Which policy
choice deals best with the uncertainty we face?" the complexity posed by an
unprediCtable ftiture often fail§ away and reveals a small set of clear chokes.

in this study, we show that two trends dominate the question of future
access to California higher education: future state funding and feasible
improvements in pktiduttivity. We find that

5
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If the fraction Of the state general fund allocated to higher education
remains at current levels or increases (breaking a twenty-year downward
trend) and if productivity increases at faster than historic rates, California
will avoid serious access deficits. If either of these fails to occur,
however, California could face large access deficits.

If the fraction of the state general fund allocated to higher education
remains at the current leVel, California can maintain access only by
achieving productivity increases that are very large relative to historical
rates of improvement. At present, it is not known whether such
productivity improvements are possible and, if they are, hew to achieve
them.

The above cOnClUSions are largely insensitive to any plausible decisions
about changes in student fees or any plausible trends in future demand
for higher education.

The uncertainties related to the future of California higher education are
real and are a fimdarnerital part Of the challenge facing policyinakers. Large
uncertainties are not; however, a barrier to effective decision making. This study
suggests that a flexible; robust strategy for ensuring future access to California
higher education must pay close attention to two critical questions: Can the state
readjust its financial commitments in order to maintain current funding levels
for higher educatiOn? and Can the higher education system improve its
productivity significantly faster than it has over the last thirty years?

6
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1. Introduction

Over the last ioity years the state of California has built an impressive
program of higher ethiCation. Anchored by its three-tiered public system,
higher eduCation has made immense contributions to the state's economy
and the widespread opportunity (however imperfect) that has characterized
California society. The State's commitment to higher education was codified
in the 1960 Mast& Plan, Which guaranteed that all individuals who could
benefit from a college education would receive one. But whatever higher
education has contributed to California in the past, it is likely to be even more
important over the next twenty years. In out evolving information
economy, a college deg'r'ee is one of the key determinants of economic success.
California's economy may be significantly poorer if the workforce does not
become increasingly college educated. In addition, the state's social cohesion
may suffer if restricted access to higher education widens income disparities
among different groups in the state's population.

Trends Affecting Higher Education

Several trends over the last twenty years suggest that California's ability
to maintain, much less increase, high levels of college eduCation may be in
danger:

Demand fot higher education, which has grown sevenfOld in
California since World War II, is expected to continue growing over
the next two decades as the current bulge of students in the
elementaty schools works its way through the system. This so-
called Tidal Wave II could be smaller or larger depending on
Whether the children of groups with traditionally low levels of
eduCatiOri, particularly 'recent Hispanic immigrants, attend college at
rates approaching those of whites and Asians.

The percentage of the state budget that supports higher education
has decliried over the last twenty years as state spending on health,
welfare, and corrections has increased dramatically. Public



re§i§taftee tO inded§ed taxes has largely capped total state spending.
Thii§; state re§tilliee§ per student in higher education have declined
over the lak decade arid, without a significant change in state
spending pfiofiti§; inay continue to do so into the future.
COfielifientiy; federal funding for student loans and financial aid
ha§ gibWii §16Wiy over recent years and may continue to do so
under pie:§§iffe§ td Balance the federal budget.

The EO§t§ of highei education have risen consistently faster than
inflati6h 6-der hE Iat thirty years. For instance, the Higher
EdtiCatiOn Pike Id& (HEPI), which measures the real increase in
the pikes of the geieit6 and services used by higher education
in§titlition§; has 6UtpaCed the Consumer Price Index (CPI) by an
annual aiiefage df in full percentage point. In other sectors of the
eCOn6ifty:, §tieti sustained imbalances in the cost of inputs has led to
either late .tiahog in productivity, often with large Organizational
chafigeS; Of de

is Wide agieetfient about these basic trends, but there is a. broad
spectrum of Opiiiiton as to hOW deleterious they will be for the future of
California higher ethiCatielii: tor instance, the Research and Planning
Depart-II-tent at thle UhhéfiW 6f California predicts that state funding for
higher education Will shots healthy growth over the next two decades, as the
state economy gioW§ arid the fact-ion of state funding that goes to higher
education reinain§' COri§tafit (bipperud and Geiser, 1996). Conversely, Shires
(1996) of the Catittifftia Public Policy Institute of California predicts state
support for higher edikatioti Will drop precipitously as increased state
spending on CoffeCtiOn§ cuts the: fraction of the state general fund allocated to
higher eduCati6ii in hait: §iffiilarly, there are many different projections of
the precise huhui3e t3 §tillAefit§ who will seek access to higher education.

Traditional A 1jHC Aii Eh

In the tiaditiorial appfdaeh, a policy study would assess each of these
conflictihg ëditiOil and decide which are the most likely future trends.
Based on this te§t e§tiffiate Of the future, the study would recommend the
policies most likely to §UCCeed: This traditional approach sometimes works
very well, but otihei@g i3a§ed On one "best estimate" can fail if another future



comes to pass. Unitatifiately, decision makers and policy analysts, like most
people, haVe a Strang: tendency to underestimate their uncertainty about the
future.1 They ibetiS tiii some single best estimate Often the one they think
most likely or most supportive of the case they wish to make.

The danger's for :California higher education are clear. Policies predicated
on high leVels of State funding that never materialize or on overambitious
estimates of prOditetiirity improvements could deny large numbers of
potential StUderitS a higher education. However, policies predicated on
overly pessimistic a§§1thiptionS could waste resources and disrupt liveS,
overfixing institutions that are not broken. In addition, decision makers can
spend too much tithe debating the most likely future rather than developing
flexible, rObtist strategies that can take advantage of fortuitous opportunities
and avoid unexpected difficultieS.

We belieVe that the differing predictions of the trends facing California
higher education represent real uncertainty about the future that is difficult if
not irnpossible to reSOlVe: In some cases such as the sensitivity of student
demand to changes in tilitionthere currently is not enough information to
predict well. In other cases such as the budget priorities of future
legislatures and the impact of information technology on the classroomthe
phenomena involVed are inherently unpredictable. Thus, the different
predictions for the fiihire of California higher education do not reflect faulty
analysis by one party ter' another so much as the fact that factors such as future
funding or derriarid for education result from an inherently unpredictable set
of future political and indiVidual decisions.

New Analytic AppfaCii

This study uses a new approach to make a quantitative assessment of the
various trends fading California higher education and to suggest the
implications they have for current policy choices. Rather than projecting the
most likely trends; We examine a large number of plausible scenarios for the
future. We make Visiiai representations of these scenarios and use these
"landscapes of plauSible futures" to clarify the key uncertainties facing

1See, for instance; Chapter 6 "Hurrian Judgment about and with Uncertainty" in
Morgan and Henrioh, 1990.
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decision makers; to provide a framework that different stakeholders can use
to debate differing VieW§ Of the future, and to compare the effects of different

policy thoice§,

Otir app'r'oach COrriBiries two previously distinct strands of strategic
planning ineth'Oci616gy: 'traditional forecasting employs sophisticated models
and available quantitative data to project likely trends. These approaches
provide much rigor Rif liatie difficulty coping with the uncertainty inherent
in most deciSibh§. iteCeritiy; many public and private sector organizations
have begun to ii§e §ceiiiiii&planning techniques, such as those developed by
Royal Dutch Shell and the Global Business Network.2 These approaches help
decision maker's bring Urieertainty into their planning and help different
stakeholders agree On a framework for discussion. However, scenario
planhing as Ctifferitly pfaetied cannot make use of available quantitative
information.

Our new approach, Called exploratory modeling (Bankes, 1994, 1993),
erribeds quantitative fbiecaSts into scenario-planning. We exploit the new
capabilities provided by wedding information technology (primarily
networked cbriiptiter Wbikkations and powerful desktop graphics) to new
concepts of deCiSibri ifiaidfig under extreme uncertainty.3 In this study, we
use computer riiddei§ to describe future enrollinents in the three public
California sySteiii§ 6f higher eduCatiori--University of California (UC),
California State University (OU), and the Community Colleges (CCs); the
revenues available for undergraduate education; the effects of potential
productivity ifripkoiierriefit§; and the impact of potential fee increases. The
quantitative data arid friatheirtatical representations we use in our analysis
are sithilar and in Many- instances identical to those used by other analysts.
But rather than use theSe Models to make best - estimate projections, we use

2SCHWarti (100i) pi-.04e§ one Of the classic deScriptions of scenario-planning
thethOdoldgieS: His dlObal Business Network can be found at www.gbn.org. Wack
(1985) proiTide§ a description of Royal Dutch Shells' developments in scenario-
planning.. Dewar (1993). describe assumption-based planning, the RAND-developed
version Of these Metheid§:

The field of decision analysis largely deals with situations where uncertainty about
the fiiture can Be ChafaCtefiZed by well-known probability distributions.
Exploratory ineodelifig.Caii.address case's of extreme uncertainty where we do not
knoW the probability distfibutions. Some concepts similar to exploratory modeling
can be found Hi the policy region analysis of Watson and Bruede, 1987.

-H



them as constraints on the range Of plausible futures for California higher
education.

This approach is useful because there is often a great deal of information
about a problem that is insufficient for making accurate prediCtions but is
rionetheleSs useful fOr making deCisions. For instance, simple accounting
relationships among the flows of students and money through the higher
education systeni impose important constraints on the future. While it may
seem that abandoning a best estimate for a large set of plausible futures
complicates the dedSiOri-4naking problem, the large set of plausible Scenarios
represents real and Vefy useful information. Perhaps surprisingly, when we
trade the question "What is most likely to happen in the future?" for "Which
policy choice deal§ best with the Uncertainty we face?" the compleXity posed
by an unpredictable hititie often falls away and reveals a small set of clear
choices.4

This report focuses on the first step in an exploratory modeling analysis,
creating a landscape Of plausible futures for California higher education and
using this landscape to identify thOse uncertainties and trends most salient to
the decision-makers' choices. In the future, we hope to address the second
step, comparing the performance of a large number of potential policy choices
against this landscape to help policymakers choose the best policy consistent
with their risk profile and their own expectations about the future.

Organization of This Report

The next section Of this report summarizes the data and models we use
to describe the California higher education system. Section 3 presents our
landscapes of plausible futtires for California higher education, and Section 4
presents our conclusions: A series of appendices describe the details of our
calculations and provide additional results to support the arguments laid out
in the main body of this report.

4See for instance, Lempert, Schlesinger, and Bankes, 1996, which uses exploratory
modeling to show that an adaptive strategy dominates the other policy options
currently proposed to address the problem of global climate change.

-5 -12



2: Analytic Framework

this 6ti de§efibt§ ate fhodels and data used in our analysis. We
organize this afbiifid four general factors affecting the future of
California high& editeatioil As ShOWn in Figure 1, exogenous trends are
those factors affecting the tilitife of higher education over which
policyfriaker§; in this Eak the iiieinbers of the California Roundtable, have
little or rib ebritfal: Paiky leveig are those factors affecting the future that are
contrOlied 15y the 061i.EYffiakei: Measures are ways in which to assess whether
the peffOkiliarie of the high& education system is good or bad. Relationships
are the Wayin WhiFt the iiiea§iires are related to changes in the levers and
exogenous ida6f§:

Our StUdy iatti§e§ aft ihfee of the key trends facing California higher
eduCatiori: (1) deffiafid for higher education due to a growing
populatidri áh ifiefea§e§ in participation rates among traditionally under-
repreSeriied deogfdf3hit gfotips, (2) potentially constrained state funding for
higher edtieatidfu, and (L4j the degree to which productivity improvements can
feasibly Offset rising eb§t§ fitif higher education and decreasing revenues.
These faCtiii§ die §Iiiin as Hexagons on the left side on Figure 1.

Policy Lever Measures

Fees
& Aid

idéiit
btiiànd Access

Deficit

Bachelor's
Degrees
Awarded

Fdagible
PFbüctivit First-Time

Freshmen

Figure 1-"-key tactors Considered in Our Analysis

-6- 13



We consider tilf6e simple measures of the performance of the higher
edutatiOn Shown as ovals on the right side of Figure 1, these are

Acce§S the number of individuals who Wish to enroll but
canndi be accommodated. It is a clear and widely used measure that
refers direEtly to one of the goals of the Master Plan.

BaCheitif's 'degrees awarded: a rough measure of an output of the
higher ediitatibti system that has some importance for society,
recognizing that California higher education alSo provides training,
performs research, and contributes to society in a variety of other
ways. Degree's awarded is also a measure in which California is
currently Weak. California ranks 16th among the states in total
college enf011trient per capita but 46th in degrees awarded per capita.

Number df first -time freshmen: a useful measure when time to
gradtiatibri Varies; since lingering upperclassmen can increase
enrollineritS while reducing an institution's ability to admit new
students:

We concentrate On one pOlicy lever, student fees, which have been a
focus of signifiCarit debate in recent years. The division between exogenous
factors and levers is to some extent a choice of the decisiOn-maker. For
instance, the Roundtable has some influence over the proportion of state
funds allocated to higher education. It could choose to take actions that might
expand this influence: Similarly, the Roundtable could take actions to affect
the feasible leVels of p'rod'uctivity improvement in the higher education
system. The Chace di levers and exogenous factors in this study is meant as
an initial examination Of the range of policy options. In fiiture work, we
hope to expand our ebil§ideration to different policy levers, particularly those
associated with iiiipfeving productivity.

We consider a Variety of relationships that determine how the
exogenous trends and policy levers affect the measures. We focus on the flow
of students and Money through each of California's three public systems of
higher educationC, CSU, and the CCs. In brief, students wish to attend a
public college or unive'r'sity. This demand is influenced by the level of fees.
Each system deterfriiiies hOw many students it will admit, based in part on its
capacity as measured by the revenues available per student and by how

-7- 14



efficiendy iinproVerriefit§ affect the revenues required per student. Each
system gains revenues` frbth State funds (CCs alsb get local funds) and from
fees paid by enrolled students: Graduation and advancement rates affect the
number of degrees awarded and the size of the Student population. The
student population; in {-Urn; affects the revenue's each system gains from fees,
the total revenue§ per §filderit, and the access deficit. In our analysis, we
consider coupled flOWS thi-01-ig all three public California systems.

There are, of course, relationships that are not considered here. For
instance, we do hot ddiffSider the effect increased fees may have on speeding
the rate at which students a.dirance through the system. Nonetheless, the
relatiOnShips we consider provide a solid basis for understanding the impacts
of and interactions aitiorig the trends affecting California higher education.

The rerriairidet Of this §ettion provides an overview of our analytic
frarrieWcirk. The interested reader can find full mathematical details in the
appendices.

Trends in Studeint Demand.

The first key trend tading California higher education is an increasing
number of potential §tiiderit§: Most observers expect that the demand for
access to California higher education over the next twenty years will surge,
though there is diSagfeerrierit over how many individuals actually will and
should seek to be a&bifirriddated. In this analysis, we consider four
alternatiVe estimates of the demand for higher education in California;
together they spar' the plausible range of assumptions about the size of what
is often called Tidal Wake

We Make Our estimates of future demand based on projections of
California's population and using the "participation rate" methodology of
Shires (1.996): FollOWing Shires; we assume that the demand for higher
educaticiri is what the enrollment would be in the absence of financial
constraints. We estiiriate these unconstrained enrollments in two steps, as
more hilly destribed iii Appendix I. First, we use data on past higher
education enrollment's arid California demographics to calculate the average
rate at Which indiVidtial§ train different ethnic, age, and gender cohorts
participate in the tJC,, tSti, and CC systems. Second, we multiply
demographic projections ftif the future size of each cohort by these

15
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participation rates to estimate enrollments through 2014. As in ShireS' work,
we track the number Of 'Students in each claSs (freshinen, Sophomore, junior,
and senior) and the transfers between the systems. We augment Shires'
model to include adValiCerrient and graduation rates, whiCh we use to
estimate the number Of seniors awarded bachelor's degreeS each year by UC
and CSU.

Our four alternatiVe enrollment estimates are shown in Figure 2. For
each estimate, we calculate the number of students enrolled in the UC, CSU,
and CC systems each year from 1996 through 2014. Each estimate uses a
different set Of assumptions about participation rates, but they all use
common prOjeCticiriS of California's future demographics: The line labeled
"base" in each frame of Figure 2 shows our enrollment estimates for each
system using the partiCipation rates derived from enrollment data provided
by the California Postsecondary Education Commission (CPEC) and the State
Demographic UnitS' data for 1993 through 1995. For the high and low
demand estimates, we use participation rates 20% higher and 20% loWer,
respectively, than those used for our base estimates. For the highest demand
estimate, we start with participation rates 20% higher than the base values for
each cohort and then fUrther increase the participation rates for the Hispanic
cohort by 4% annually: Currently, Hispanics represent the state's fastest
groWing population group and have college participation rates significantly
loWer than Other groups. The highest demand estimate represents a case in
which Hispanic's are attending college with a participation rate increasing
annually by 4%; chOSeri so that the participation rate for Hispanics in UC at
the end of twenty years is nearly equal to that of non - Hispanic whites.1

Figure 2 also compares our four alternative enrollment estimates to
projections made by OPEC, the State Department of Finance, and the
University of California:2 While the methodologies to generate these other

1 For each alternative enrollment estimate; we report the number of students in each
system, since the data used to calculate the coefficients for equations (4) and (5) are
reported as "headcounts." To translate our enrollment estimates into aggregated
full-year Full-Tithe Equivalents (FTEs), multiply the reported values by 0.96 for the
UC system, 0.75 for CSU, and 0.64 for CC. Unless noted otherwise, we report
enrollments in headcOunt numbers throughout this study.

2 See CPEC, 1995b. UC estimates come from the Planning Group of the University of
California Office of the President.
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firojections from Other Studies

projections Cliff& fitri-i our model in the way they handle factors such as
student flow, adthiSsithiS asStimptions, and definitions of student status, they
are all based on State deMbgraphics, either in terms of total population of
cohdris or in terms Of high SChool graduates of cohorts, which is proportional
to first order: The diffeieries between the lines in the CC (lower) plot arise
froth diffefericeS in the way students are counted; in fact, our numbers agree
closely with CPEC;S Stildeiii Profiles reported data for the CCs from 1989 to
1994.3 Within the period 1995 to 2005, for which enrollment projections are
available froth all the sources shown here, our baseline enrollment estimate
is in general agreement With the other projections.

Other studies have Made different choicesfor instance, estimating
participation rates using 1989 enrollment and demographics data.4 These

3 See "Student ProfileS; i995;" CPEC, October 1995, p. 1-11.
4 See, for instance; Shires; 1996.
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differing estimate's partly reflect real uncertainty about the demand for higher
education among the nett generation of Californians. Our alternative
enrollment estimate's span the breadth of plausible demand projections
generally put forth for the future of California higher education.

TEends in State Funding

Besides demographic trends, a second key issue facing California higher
education is the fitiariCial 'support that will be available from the state
government. UC, CSU; and the CCS draw their income from a variety of
sdurces, but revenues from the state general fund constitute a substantial
fraction Of each system's hinds for undergraduate eduCation. (CCs are
additionally suppofted by local property taxes.) From 1970 to 1996, the
fraction of the gene'ra'l fund allocated to higher education has dropped from
17% to 12% as state spending on other prioritiesparticularly corrections,
health, and welfaiehaS increased. There is much disagreement as to
whether this decline iri state higher education funding will continue into the
future. In our andlySis, we consider five alternative estimates of the
allocation of state general hinds to higher education as a way to span the
plausible range of assumptions about the funds available.

We make our estimates of future revenues based on data describing the
current sources of 'revenues. It is not a straightforward task to determine the
funds allocated to undergraduate education in each system: each system
receives funds from a variety of sources, and many types of spending benefit
several missions Within a system. For instance, UC building maintenance
benefit's both undefgfadtiate and graduate education. We thus make the
simplifying assumption that the fUnds available for undergraduate education
in each system collie from three sourcesthe state general fund, student fees;
arid, for the CCs, property taxes: We estimate the current total general fund
and property tax allOCation's to undergraduate higher education by
multiplying CPEC data on 1995 spending per undergraduate in each system
$6,809 for UC; $4,734 for CSU; and $3,050 for the CCs (about equally divided
between local property taxes and the state)by CPEC's 1995 enrollment data.
We estimate the current average fees per student in each system from CPEC
data on total enrollment and the total revenues from fees. As described in
detail in Appendix II; we then project future general fund and property tax
allocations to high& education by assuming they grow at some annual rate.



We estimate ftitiike keiiefitieS fibrii fees in each system by multiplying future
iees by Our estiffiate§ bf the iiiiihber of enrolled students. Fees can, of course,
affect the Mihibek bf enrolled StUdentS, as we discuss below. Ih this analysis,
We focus only of associated with the costs of current operations.
We leave the irriptirtaiit topic Of capital costs for future work.

We make five ditekilatiVe estimates of future allocations for the state
general fund to iiiidergnidUate education. All five estimates assume that the
California ethriefriy;arid thith the state general fund, grows at 2.7% annually.5
In our estimate, we assume, as does the UC Research
and Planning tiepart-itierit; that the fraction of the general fund allocated to
higher education Will keit-lain constant at its current level, and thus that the
general fund keVeiiiitS allocated to each of the three systems grows at 2.7% per
year: In our two pe§§iffii§tie estimates, we assume that a rapidly declining
Share of the general fund gde's to higher education because of increased
Spehdihg on corrections; k-42 education, and other programs (Shires, 1995;
Carroll et dl:; 1995); §6 that the net general fund revenues allocated to the
three systems cledifieS by 1% annually. In one of these estimates,
"pessimistic; with 08;" the assume that the CC share of these declining
revenues increase's beaiiSe of Proposition 98 mandates, so state revenues to
the CCs grow at 1.50/8 ant-Wally while State revenues to UC and CSU decline at
-3.5% annually. hi the Other pessimistic estimate, "pessimistic, without 98,"
We assume that state keveftue§ to all three systems decline at -1% annually.
We alsd include tWd ititerffiediate estimates, "slow growth" and "flat," which
have general hind allocations to each of the three systems growing,
respectively; at 1:5% aril d annually. These estimates are shown in Figure
3. Note that only totif be seen, because the two pessimistic plots
have the saute diribtikit ref total dollars allocated to higher education.

Fok each of diir alterriati-Ve estimates, we assume that property tax
revenues to the grow at joic, per year (Shires, 1996). Note that we do not
tonsidek potential diangeS iki federal funding that may affect UC, nor do we
considei- property ta3i reVefiiieS that might affect the CCs. We have left these
irnpOrtant topics to f-littire wo'r'k.

5 This is the growfh rate projected by UCLA for the California economy from 1996 to
2005: We haiie extended that projection to 2014.
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Figure 3Alternative Estimates of the State General Funds Allocated to
Higher Education

Affect of Funding on Access

The state funding available for higher education may strongly influence
the number of individuals able to obtain a college education. Our earlier
estimates of future demand were based on enrollment projections in the
absence of financial strictures. Now we estimate enrollments under
conditions of finaritial constraints and introduce the concept of an access
deficit. We follow Shires (1996) in defining the access deficit as the difference
between the projected, unconstrained demand for higher education and the
number of students who could be accommodated at Some projected level of
future state funding:

Shires argues that prior to the recession of the early 1990s, funding for
California higher ediication was largely demand driventhe state provided
funding to serve projected enrollments. Since the recession, however,
funding has been budget driventhe state allocates the funds it can afford to
spend on higher education, and each of the systems does what it can with that
allocation. Following Shires, we estimate enrollments in each of our
scenarios using two simple rules for admissions: (1) unconstrained
admissions, in which we allow students to continue to attend each system at
the same rates they have in the past, and (2) constrained admissions, in which
enrollment may be limited so that the level of spending per undergraduate
remains constant in real terms. The unconstrained admissions rule gives
demand-driven enrollment estimates, while the constrained admissions rule



proclee§ Of bilaot=drivoh enrollments. We thus calculate the
access &fiat fir any p4ffieillaf scenario, as described in detail in Appendix III,
as the differeiiCe between enrollments estimated using the unconstrained and
constrained adini§§iOn.

Figure 4 §hoiV§ the kees§ defiCits for the pessimistic, with 98 and
optiMistiC e§tirriate§ of future state funding to UC (left) and CSU (right). Note
that the access defidt is Sinail tb nonexistent with optimistic levels of
funding, While the pe§§iirii§tiC funding estimate causes large access deficits in
both systems.

Trends in PiticitiCtiVity

Potential iiiiproVeinefft§ in productivity are the third key trend facing
California higher education: Productivity is a difficult topic for a number for
reasons. In recent years; Many private sector organizations have significantly
improved their fieffOrrilariee and reduced their costs through productivity
improvements. tirdcluetiiiity iinprovements should also be possible in the
publiC sector; and; indeed, Many public sector institutions have made progress
in recent years: Nonetheless, productivity is often more difficult to measure
and improve in the pullir sector compared to the private sector, since the
goals of the typical sector institution and the interests of its
stakeholder§ are More diVerSe than is the case for most private sector
organizations. In paftietildf, there is the real danger that attempts to improve
productivity iii public institutions of higher education will degenerate into
cost-Cutting exercises that sacrifice the critical yet more intangible
charatteristits Of the iii§fiti.ition; such as the quality of its education.
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Figure 4Effkt Of Alternative Estimates of General Fund ("Optimistic,"
"Flat," Ahd "PesSiiiiistiC," with 98) on UC and CSU Enrollment
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There are not enough available data and analyses to enable us to
estimate the rate of productivity improvement pbssible in California higher
education or to reebriiiriend steps the Roundtable should take to improve
productivity. Instead, We explore a large range of assumptions about the
feasible rate of prOduetiVity iMproVements within California higher
education and exariririe the consequences of these various assumptions. We
show that assumption's about feasible productivity improVements, along with
assumptions about future state funding, are the key factors affecting the
future of California higher educatiOn.

In his work Oh prOductiVity in public sector institutions, Epstein (1992)
describes two types of productivity improvements: efficiency and
effectiveness. Efficiency refers to the level and quality of service an
organization can produce froni a given amount of input resources.
Effectiveness refers to the extent to which an organization meets the needs of
its stakeholderS and customers: Epstein provides two specific ways to
demonstrate prodUttiVity improvements that we use in our analysis. First,
an organization can deMonstrate a measurable reduction in cost while
maintaining or improving key measures of effectivenesS. Second, an
organization can demonstrate a measurable improvement in one or more
key effectiveness indicators without increasing input costs.

hi our work, We take the graduate and adVaricement rates as our
admittedly crude rfieaStires of effectiveness for UC, CSU, and the CCs.
Advancement rates are directly related to average time to graduation, an
important indicator used by UC and CSU to asses§ their perforniance;
graduation rates are diredly related to the number of bachelors degrees
awarded, an important factor for both the individual students and the society
at large. As described in detail in Appendix I, our model uses graduation rates
to estimate the ntirfiber of degrees awarded from our estimates of the number
of seniors, and it uses advancement rates to estimate the number of members
of one class who mbve on to the next. For our measure of efficiency, we take
the minimum revenues required per student in each system. As described in
detail in Appendices II and IV, we use this value to deterinine the maximum
enrollment, and thiis access deficits, in each system under conditions of
financial constraints.
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We consider five alternative assumptions about the feasible rate of
efficiency improvements in California higher education: -2%, -1%, 0%, 1%
and 2% annually: Figure 5 Shd Ws UC and CSU enrollments for the high, low,
and middle values in this range. In each of these cases, we hold the
eifectivenesS, as measured by graduation and advancement rates, constant.
We see that a high rate of effiCiency growth reduces the access deficit almost to
Zero, while a negative rate Of growth causes very large access deficits, similar
to those caused by the peSSitniStic estimate of revenues ftom the state general
fund (see Figure 4).

We take our platiSibie range of effiCiency improvements from data on
the costs of inputs to higher education over the last thirty years. The Higher
Education Pike Indek (IHEPT) measures the real increase in the price of the
Services and gcibds, such as salaries and equipment, that U.S. higher
eduCation in'stitution's Use in their operations. Figure 6 shows that the price
of these inputs has consistently outpaced inflation in the rest of the economy,
AS measured by the Cbnsuirier Price Index (CPI), by up to 3% per year. On
average, prices to higher eduCation haVe risen 1% faster than inflation over
the last ten years. The figures shown here are nationwide averages;
independent data do not exist for California institutions. Our choice of the
range of annual efficiency iitiptovements shown in Figure 5 is somewhat
narrower than the range Of variation in input prices shown in Figure 6. This
conservative estimate should Strengthen our claims that the actual, though
Currently utildioWn, leVel of feasible eifiCiency improvements will be one of
the key factors detertriinitig the future of California higher education.

We also consider fiVe estimates of the rate of improvement in
effectiveness (advancement and graduation rates): -0.5%, 0%, 0.5%, 1.0%, and
1.°/0. As with effiCienCy, feW data and analyses are available for estimating
What improveitients are possible. Thus, we base our range of effectiveness
improvement on comparisons Of the number of bachelor's degrees awarded
per enrolled student in different states. We choose a high estimate (1.5%) of
annual effectiveness improvement as the rate necessary to achieve a four year
time to degree for nearly all UC cohorts and for a majority of CSU cohorts.
Figure 7 compateS the enrollment and number of degrees awarded in 2014 by
CSU for the case of the -40.5% decrease in effectiveness ("lOw") and the case of
the 1.5% effectiveness improvement ("high"). In both cases, we hold
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efficiency constant. Note that high effectiveness increases the total number of
degrees awarded 'even With reduced enrollment (since students flow through
the system fastef). MeanWhile, low efficiency produces fewer degrees but
increases enrollment by ''cldgging up" the system with students repeating
grades.

Siudent Fees and Aid

Increases in student fees can increase the revenues available for
undekgraduate eduCatibtil Fee increases can also affect potential students'
decisions On whether to Seek a college education. Thus, fees represent an
important decision for polkyillakers and have been a topic of much debate in
recent years.

In our analysis, We estimate the impact of fees on enrollment by varying
the participation rates baSeci on data on the sensitivity of students to changes
in the price of higher etiiicailOti. As discussed in detail in Appendix I, we use
data compiled by Kane if the National Bureau of Economic Research.
Using national data; Kane e's'timates the effects of tuition increases on
enrollment in systems Withifi the same state. He finds that a $1,000 tuition
increase at public fotifireaf universities decreases enrollment in four-year
public institutions by 1:6/0, increases enrollment at public two-year colleges by
0.5%, and increase's etirbllniiit at private colleges and universities by 0.5%.
Kane also finds that a i.;cot i tuition increase at public two-year colleges
decreases enrollment iii tiro -year public college's by 4.7%, increases
enrollment at pUbliC fdiliyear universities by 1.8%, and increases enrollment

-18- 25



at private tailege§ and iiiiiiief§ities by 0.4%. While Kane's data are among the
best aVailable; they He' 'niftily definitive. Thus, we consider alternative
estimates of the §efi§itiVity of student deinand to changes in tuition, ranging
from riszi §dicSitiiiity id a §eri§itiVity three times that measured by Kane.

Our aa1yi We edfief four different policy choices for fee increases
over the nekt twenty yeaf§i 06; 1%, 2%, and 3% per year. These values are
consistent With the feetifilBAefidations of a report (often called the Callan
report) issued By the Caiitaffila Higher Education Policy Center (1996) that: (1)
fee irkreases shüM rielt ekEeeti 6%; 5%, and 4% per year at UC, CSU, and the
CCs, re§pediVeiy; afid () the state should provide student financial aid equal
to One-third Of §tildefit fee iitEreases. Out fee increases reflect the net increase
seen by the student after fiflifieial aid.

Figure 8 how the effect§ Of a 1% ("Low Fee") and 3% ("High Fee")
annual fee increase oh tit efirollrrient for a scenario with optimistic funding
from the 'state and itiW efficiency improvements. Kane's data were used for
the sensitivity of &Whitten§ hi tuition. Note that while fee hikes increase
the revenues per gliderit the systems (allowing more students), they
simultanedii§ly pike Out §ttiderits through price elasticity (reducing
erirollinent), orvetall; the effeet§ of the fee changes are relatively small
compared to the eii@et§ tit diffitges in enrollment due to the different
estimates of State fUhhfi nf nigher education.
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3. Landscape of Plausible Futures

Up until no*, We Have considered the implications of individual trends,
assumptions, and levers, considered one at a time. Now we create a
"landsCape of plausible iiitiireS" to show how the interaction of all of these
factors will affect the future of California higher edileation.

Funding and Prodikiiiiity Trends Are Key

A key conchisidli Of this Study is that California's ability to provide
widespread access to a college eduCation over the next fifteen years is
doniinated by two questions: How much funding will the state provide
for higher education? How feasible are signifiCant improvements in
productivity? We hake the first part of our argument here, showing that the
future UC access &fiat depends strongly On what happens to allocations from
the State general ftiiki and on the feasible levels of iniprOvements in
effiCiency.

Figure 9 shoWS the IJC access deficit in 2014 for twenty -five scenarios,
each with its own set of assumptions about the futUre levels of state funding
for higher educatiOri in California and about feasible improvements in
effiCiency, the first of the two types of productivity improvements we
consider. The figure represents each scenario with a Colored box that shows
the degree of access defiCit in 2014 for a particular pair of assumptions about
funding and efficiency improvements. This graph summarizes a large
number of line graph's t3f the type shown in Section 1 For instance, the boxes
labeled "UC" and ''iiifes" in Figure 9 correspond, respectively, to the
optimiStic and peSSiiiiiStit lines in Figure 4.

It is clear from Figure 9 that UC cannot maintain current levels of access
through 2014 if alloCatiOns from the state general fund decrease or if efficiency
improvements do riot offset cost increases for the inputs to higher education
(i.e., efficiency does riot improve at 0% or greater). With the "pessimistic"
allocation Of state ftifidS; UC can maintain its performance only with very
large increases in efficiency, and then only if the allocation of state funds is
not subject to PropOSitiori 98 constraints. With Proposition 98 constraints, UC
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can fflak ü the fading shortfall in none of our scenarios. On the other
harid, if effiEietlEy iiiipteiVeifletit§ are insufficient for offsetting the cost
inttea'seS for the ifiptit§ t6 hIhër edtication, even the most optimistic general
fund scenarios eafthat fitefit an access deficit at UC.

it is iishi1 tO ebilipafe oil eSultS with projections made by others
looking at the Milt@ of tt aiitoffiia higher ethication: (1) Shires (1996) of the
Cálifdinia Poll ty in§titute; CoOpertid and Geiser (1996) Of the UC Research
and Plartiliti§ berpaftifi@ht ; arid California Higher Education Policy Center
(1996): We ilk these ebtfifilifikiiis to make two important points: First, the
comparisons help validate 6lif thodel of the California higher education
systeih itite We an teptOdliCe the results Of these other studies, our model
Must be te akitiai* etifi§i§tent With those currently in use. Second, we show
that these difiefefit pfai@Etidfis ate not primarily caused by differences in data
and analytic ihethOd6l6gy: Rather, the different projections embody
fundamentally diffeteht d'S§tihiptions about the future. It is not currently
possible (hot may it éi d@ pa§Sible) to resolve these differences with
available data afid niödei. thii§, the divergent projections found in today's
debate are to be expected and ate not likely to be resolved anytime soon.

Shifes fitbjett'§ a fie§§iiiii§tk future for California higher education. He
assitifie§ that teal Ed§t§ Will kefitairi constant with inflation, that state funding
for higher edtiCatiOli Will di-op by roughly 1% per year, and that student
demand Will giOW by ai3diti 29% over the next ten years. As shown in Figure
9, the Shites pk*Efibii.§ Etiffe§pOnd to our scenario with "pessimistic, with
98" itindifig and fib dieing@ in efficiency. Shires bases his pessimistic
asSithipticin§ about §tatie tunAing for higher education on an analysis of future
demands bfi the §tatetliidget: 4e notes that 82% of the state budget currently
goes to K44 &II:kill-Ain plus the CCs), corrections, and health and
welfare-all dies that ate increasing (and in some cases are mandated by the
state Constitittidfi Or feiAali goVerriment).1 As shown in Figure 9, Our
analysis agfee§ With frig Of §itite§: if these trends continue, they will cause
very severe access deficits at tjt

1 In 1996 federiii Welfafe fgofin legislation replaced federally mandated welfare
efititlefr iOntS. with tildi*,:gfahtS to the states. It is unclear how this will affect

Okietali Welfate 'Spending over the next twenty years.



Copperud and 6ei§ei have prepared enrollment estimates based on what
they see as the beSt; Wcif St, and most likely case allocations from the state
general fund. The WbiSt::Case projections are similar to those of Shires: The
most likely case aSkiliteS undergraduate enrollments based on 1995
participatiOn rate§; productivity improvements that keep up with inflation,
and the state adhefing tb its intent (expressed in the Supplemental Report of
the 1994 Budget AA) to increase annual funding to UC and CSU by the
marginal cost Of edUCatifig additional enrolled students: These projections
correspond to our Seehatio with an optimistic general hind allocation and no
change in efficiefiCy. A shown in Figure 9, our analysis agrees with the
analyses of the UC planning office that these trends; if they continue, will
allow UC to avoid SeliCitiS access deficitS.

The Callan fepOkt lifOposes a "New CoMpact for Shared Responsibility"
to enhance oppoi+th-tity in California higher education. It advocates
increasing state allikatitifiS to higher education as the number of students
grows, but argues that productivity improvements can be used to keep this
funding from rising A§ tast as the student population. The report suggests a
combination of strategies that may allow UC, CSU, and the CCs to provide the
same or higher levels df educational opportunity while reducing operating
and capital costs td the State. The strategies aimed at operating costs reduce
these costs by about i.% annually, which suggests state funding needs to
increase 1.5% antiiially to accommodate the 'report's projected 2.5% annual
groWth in student pdptilatiori. Thus, the Callan 'report projections
correspond to our SCendfio with slow growth in general fund allocations and
1% annual iinprdireitiefitS in efficiency. As shOwn in Figure 9, our estimates
agree with thOSe of the Callan 'report that, in this particular scenario, UC
avoids serious acteSs deficits.

Level of Demand a". it Fees Are Less Important to Access

We have argued that access to California higher education in 2014
depends strongly on State funding and feasible leVels of efficiency
improvements. We Will how show that access is relatively insensitive to two
other factOrs On at the center of recent policy debatesthe demand for
higher education minting students and changes in student fees. In particular,
our analysis suggests that: (1) whether Or not fees and the level of student
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deinand are iiiipertah &M'S Strongly on trends in state funding and
efficierity inipf6Vehrierit§; titid no plausible assumptions about student
deinand or fee§ dàh §AVe the Sitiiation if either funding or efficiency trends are
adverse.

Figure io stlaws the tit access deficit in 2014 for 100 scenarios, each with
a different Set Of d§SilifiptitinS abbut future state funding, feasible efficiency
irriproVeineritS; and §fildefit derriand for higher education. To examine the
effect Of three ekogeribli§ trends, the figure adds a third dimension to the two
considered in Fig life AS in figure 9, the lower left-hand corner of the
figure ShoWS SCefiari6S With it& efficiency improvements and pessimistic
general fund allOCiitiefiS upper right-hand corner of each panel shows
scenarios With late eftidiehe improvements and optimistic general fund
allocations. The reader Eiiri alsb See hOw the access deficit varies with the
level of student dernaiiel by i66king down each of the twenty-five columns
running into the the t;tikes at the front of each column (those closestto
the reader) ShOW SeefiarioS With high student demand; the boxes at the back of
each column (those ftifthest ti3Om the reader) show scenarios with low
student deñanid Itt egdi thKifith, the second box from the back is the
scenario as shown itt f iglife

Fotirteeri Of the tWeilt*ziiVe columns in Figure 10 are either all red or all
green. In theSe keriari6S; the level of student demand makes little difference
to the Ultimate OO1ñ Bari Situations remain bad and good situations
remain good; itidepefidefit umptions about how many students seek
adinissiOn to UC: i-le-WeVef; in four of the fourteen columns, the access
deficit goes ffbin ihahI t6 iafge as the level Of Student demand increases. In
these Cases, Student d.ëfftarid. Significantly impacts the access deficit.

We find siñiilr feSilitS for student fees. In some cases, fee increases
have a large iiiipaet Eih iccs deficits, but for most combinations of future
state fill-Wing and effieieney improvements, fees do not have a significant
impact: Rath& than plot flair dimensions on a single figure, Figure 11 uses
three tWo-clifrieri'SiOndi piet's 16 show access deficits at UC for forty-eight

The level of stilt:lent deirldrid does change our estimates of the access deficit in these
cases. Havkieri it does hat change access enough to cross the numeric thresholds
represented by the Edlcifs.



scenarios with differing assumptions abOut increases in student fees, the level

of student demand; filtUre state funding; and feasible efficiency
improvements. The top panel shows access deficit as a function of feeS and
student demand, assuming slOw growth in state fuhding and an annual 1%
increase in efficiency. The bottOM row Of this panel; with its three green and
one yellow boxeS, dorte§ponds to the column labeled "A" in Figure 10. This
panel demonstrates that this combination of state fUnding and efficienty
improvement ldiOy ensures small access deficits, largely independent of
what happens to fees arid student demand.

In contrast, the middle panel shows a situation in which the access
deficit is strongly dependent on fees and access defiCits. This panel shows
access defiCit as a filnetiOn of fees and student demand, assuming no growth
in state funding and no increase in efficiency. The bottOm row of this panel,
with its one yelloW and three red boxes, corresponds to the column labeled
"B" in Figure 10:

The third panel §hOws a case in which no plauSible trend in student
demand nor choke 'Akita student fee increases will save a bad situation. This
panel shows access defiCit as a function of fees and student demand, assuming
pessimistic levels of 'state funding and an annual 1% decrease in efficiency.
The bottom row of thiS panel corresponds to the coluinn labeled "C" in
Figure 10.

Effectiveness TkendS IntpOrtant to Maintain

We also find that access at CSU and the CCs in 2014, like access at UC,
depends strongly on fUtUre state funding and feasible increases in efficiency
and is relatively less sensitive to assumptions about student demand and
changes in student fees: Figure 12 shows the importance of state funding and
efficiency improVerrieritS for CSU. However, this figure has a different third
dimension than that used in Figure 10. Rather than display the relatiVe
insensitivity of access deficits to student demand, Figure 12 shows the effects
of feasible improvements in effectiveness, our second measure of
productivity. The figure demonstrates that improvements in effectiveness (1)
can have a significant impact on the number of CSU graduates, but (2) cannot
maintain access when trends in funding and efficiency improvements are
adverse.
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Figure f*6 pdfid.§: The upper panel shows the number of degrees
awarded in 2biii at t'S'i4 fair scenarios, each with a,different set of
assUrriptibris abait the fiittife allbcationS of state funding for higher
ethitation, feasible ifiVidkieffierits in efficiency, and feasible improvements in
effettivefieSS: the loWei panel shows the number of first-time freshmen
admitted te CSU in i4 6F the same 125 scenarios. One can read how the
number of degrees aWaftied arid the number of first-time freshmen vaiy with
ifhprdveffiefitS in effeetiVefieSS by looking down each of the twenty-five
call:thins Füing into the page in the upper and lower panels, respectively.
The boxes at the fforit Of 06.Eti column show scenarios with significant
ifhprOVeihentS ih 'effeetivefie§§ the boxes at the back show scenarios with
annual deefeaSe§ ifi effeetiYetieSs. In each column, the second box from the
back Sho-WS a scenario With fib Change in effectiveness, similar to the

scenarios Si-i6Weci in Figure 10.

Figure 12 StioWS that the riiirnber of degrees awarded by CSU in 2014
depends §fFeifigiy Oh the Wei Of feasible improvements in effectiveness, as
well as Oh state funding iiiiitaticins and improvements in efficiency. For
instance, CSU rifib ffiairitain its production of degrees, even in the most
optimistic tindifig arid efficiency improvement scenarios, if its advancement
and graduation fates df60 I53 0:5°/0 annually, as seen in the upper right-hand
corner of Fig-Life 12: This SliggeSts that any increases in efficiency cannot come
at the experise Of the effeetiVeriess of the institution. Conversely, CSU can
maintain it's ddUtibfi at degrees in scenarios with weak state funding and
poor efficiency iiiii3kokieffiefitS; if it is able to increase its advancement and
graduation rate§ tififttially, as seen in the middle Of Figure 12.

Effkti-krerieS§ iiiipi6Vettients dci not; however, have a significant impact
on acCesS; as fnea'SUred by the number of first-time freshmen shown in Figure
13.3 twenty4WO of the tWefity-five columns in this lower panel are all red or
green: In thee SeeharitiS; effectiveness improvements make little difference

3We use first-time frO htãthér than CSU access deficit as our measure of access
in Figure 12 b&iiO ifi4l f6V6hents in efficiency actually increase the access deficit.
This is be6tiSe aeteSS detii.1 is a measure of total enrollment, and enrollment drops
as students ifibVe th6r .1104 through the system, as shown in Figure 7. On the
other !and;, d's fewer iifi.p@kEiassmen linger in the system, space becomes available to
admit more fiteShfri6h: This emphasizes the importance of looking at several metrics
when the peffakiiialice of a complicated system.
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to the ultimate outcome: In only three columns do improvements in
effectiveneSs Change the number of freshmen adrriitted from red to green.
Thus, Figures 12 arid 13 demonstrate that effectiveness improvements can
maintain the riuniibef bi graduates produced by CSU even in scenarios where
trends in state fundifig Arid efficiency are Unfavorable, but that effectiveness
improvements alone 'Cannot maintain access when these other trends are
adirerse. We find §irhitar 'results fOr UC and the CCs.

Differences Ainong §ySteins

Until now, We hive emphasized the similarities among the UC, CSU,
and CC systems beCitilSe all three systems respond in fundamentally the same
way to trends .in 'state funding, productivity, student demand, and fees.
Nonetheless, there afe ii'nportant differences; particularly between the CCs
and the Other two 'systems: Figure 13 shows the access deficit in 2014 at the
CCs for 100 scenarios, each with a different set of assumptions about state
funding; efficiency iihtifoVements; and student demand. This figure is
analogous to Figufe id for UC.

Figure 14 deinoriStfates that access to the CCs; like access to UC and CSU,
depends strongly on the feasible improvements in efficiency. However,
access to the CCs depends somewhat less strongly on state funding allocations
and more strongly on student demand than is the case for UC or CSU. The
CCs are more 'sensitive to demand because they draw from a much larger
spectrum of potential 'students (both part and full time), many of whom
techniCally repeat grade More frequently than their UC and CSU
counterparts. Figure 14 showS this enhanced dependence on demandin
eight of the twenty -five Columns (compared to four in Figure 10), increased
demand changes the ateeSS deficit from green to red.

The CCs are leS§ sensitive to state general fund allocation because nearly
half of their revenue chines froin local property taxes. Figure 13 shows this
relative insensitivity to state funding Allocationin scenarios with no change
in effiCiency and baseline Student demand, the CCs can maintain access
deficits smaller than 25% .even in the most pessimistic funding scenarios. In
such scenarios; UC and CSU have access deficits greater than 25%. In
addition, note that the CCs fare better with the "pessimistic, with 98" funding
allocatibn than with the "pessimistic, no 98" allocation, while the two other
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systeinS fare sighifiCatitly tiettef with the latter. This result stems from the fact
that PrOpoSitioh filaiidateS a certain percentage of the state general fund to
K-14 education, thUs diVeilihg funds to the CCs at the expense of UC and
CSU.



4. Conclusions

These laridkapeS bf plausible futures 'show how the interrelatiOnship of
key trendsgroWing demand for higher education, increasing competition
for state revenue's; and potential productivity improVementsaffect the
future of California higher education. We show that the last two trends
dominate the question of access. The state must maintain or increase general
fund allocations to higher education or make large productivity
improvements in the higher education sector if it is to avoid very large access
deficits. Accurate predictions of future derriand and decisions about the level
of student fees can be important in determining whether there will be access
deficits if the systeth is On the cusp of serious trouble. HOWever, if either
productivity or general fund allocations fall toward one of the pessimistic
scenarios, fees and participation rates will be largely irrelevant to
understanding or SOlVing the problem of access. California can maintain its
current rates of awarding bachelor's degrees in the face of pessimistit funding
scenarios if graduate rates increase toward levels currently found in other
states. However, 'such improvements will not addresS problems of access.

This study alSo st'r'esses the large uncertainties facing the future of
California higher ediiatiOn. In our view, these uncertainties are real and a
fundamental part Of the problem facing the Roundtable and other
decisionmakers concerned with higher education: The landscapes of
plausible futureS are reiatiVely insensitive to assumptions about the
participation rate because our uncertainty in the future deniand for education
is bounded by demographics. All the members of the class Of 2014 are alive
today. However; California's long - standing financial commitment to higher
education is caught if the middle of long-standing, powerful, and conflicting
trends. The public resists growth in total government spending at a time
when spending on social services and corrections, also driven in part by
demographics; continues to grow. Every fUnding scenario we show in our
landscapes, from the most optimistic to the most pessimistic, requires that at
least one long-staridirig trend be broken.
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titer tilt ia§t twenty years many institutions throughout U.S.
society have prd§pefea b §igilificàntly changing their organizations and their
uses of tedifibidgy so as k achieve significant improvements in their cost
structures arid the effeetiVehe§§ with which they perform their missions.
Others hav e riot pid§p@fe1; bëcäUse they have not made such changes, have
Made the wrong tharigeS; or haVe implemented changes poorly. Higher
ethicatiOri is Cleafly different from the profit-making, private sector
institutions that fif6iiide ffiti§i Of the examples of significant productivity
increaSe§: Nme&le§§; the present time is fluid enough that the range of
productivity iridea'§e§ '§ii6Wri in our landscapes seems a fair representation of
the uncertainty as to what improvements may be possible.

Large Urieeffairity Is ft6t a bar to effective decision making. Managers
routinely craft flekitile; fbiRist strategies that can take advantage of a wide
variety Of opportunities While avoiding the serious consequences of a wide
variety Of However, the first step in crafting such a strategy is to
pay sUffiCient atteritOft to the key uncertainties about the future. The debate
over the fUtUre of aliftiffla higher education too often seems to shy away
from addressing the Central i§Sties. It is not unreasonable to debate fees and
prOjeCtionS of tuttife rieftiatii:i however, doing so makes implicit assumptions
about future State iiindifig, and. productivity improvements.

Overall, the future of talifornia higher education rests on two questions:
Can the State readjust is inancial commitments in order to maintain current
funding leiiels Of higher edikation? and Can the higher education system
improve its productivity §igliificantly faster than it has over the last thirty
years?



Appendix I

Niddeting Enrollment and Degrees

In this appendi3i, We deSetibe the details of the enrollment model used to
generate the fe§iiii§ given ifi Sections 2 and 3. Our model builds on the
"participation thethOdblOgy used by Michael Shires [Shires, 1996], which
is based on the deifidgfaphid of California's general population. Like Shires,
we diaW upon this to model the number of first time freshmen
(FTF) in UC, CSU:; and the tOthritunity Colleges broken down into different
ethnic) 60, avid §etidef Ceiiitiff§. Then, we model the flow of each cohort of
admitted students betWeeti SysteinS and classes (freshmen, sophomore,
junior; and §eiiii5f); bit Figure A.1. Unlike Shires, we also cOnsider
the effect of students Wit fepeat classes and dropout; we also estimate the
nurribet Of b dhëlOFs degrees granted from the number of seniors in UC and
CSU; itidudifig th6Se students who had transferred from Community
Colleges. beidW,, We Will discus 's these steps in more detail.

i3i Ffeh âñ Enrollment

We model the tallith& Of first-time freshman of a given ethnicity,
gender; and age as

iii; gender, age, xt, year)

behierk(eiiihkit-j7; gender; age, year) (Al)

e (system, ethnicity, gender, age, xt , year)

where beiribeethiiet6i;g6idei-;age,year) is the projected population in California of
a given ethiiieity;gfidet alid age cohort in a given year;' the participation rate
cPRT(biteiii;eiiiiiieitjiigehder;age, xt, year) represents the fraction of each
popUlatiOn cohbft that beediiieS freshmen in each (UC, CSU, or CC) system each
year; arid it:ill:tithe vs. part-tithe status. In the unconstrained
admissions ease; the full tallith& of first time freshmen calculated above is

10ifief groi4s hãe used projected high-school graduates as the baseline
intiiit;be.SideS faEkifiiig .an iskirried coefficient for high-school graduation rate, these
two friethCidS
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Figure A.1Student Admissions and Flows

assumed to be adiiiitted into the various systems. In the constrained admissions
case, only a subset Of this calculated number is assumed to be admitted; this
process is described in detail in Appendix II.

We take Deitzbiethnicity,gender,age, year) from population projections for
each Of One hundred Ctihorts2 provided by the State Demographic ResearCh
Unit. We estimate participation rates from California Postsecondary
Education ComniisiOn (CPEC) data on the number of first time freshmen
ffom 1993 to 1995 in the tic, CSU and CC systems.3 We parse this data to
generate historical populations of first time freshmen broken down into the

2 in our model, the state's population is broken doWn into one hundred cohorts of
ethnicity (Asian, Black, Hispanic, White, and Other), gender (male and female), and
age group (10 categories ranging from 0 to 99+ years old).

3 UnleSs otherwiSe stated, all historical student data for the state were obtained from
CPEC data files: Although CPEC has data going further back than 1993 we have
averaged over only the last three years of data
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cohorts listed aboVe.4 We then use demographic data for each cohort from
1993 to 199 the Mier* participation rate:

ePid(b)kteiii;ethhit:ifj3,gender,age,xt)

1 645 kMsystem,ethnicity, gender, age, xt , year) (A2)
bemog(ethnicity, gender, age, year)

FolldWifig Shires; We rise the value fOr the first time freshmen (from
equation Al) to eatailat the tdial number of enrolled freshmen as

FRS(sys; year) = F7F(#S, year)
(A3)

eilL61(sys)* FRS(sys, year 1) + TRF,(sys)

where CHLb, (#.0 is the percentage of freshman in each system who repeat
their freShrtiari year and citPi(sys) is the number of students from other
systems Whti transfer in as ifeshinen. We assume these coefficients remain
constant over time and eStirriate them using CPEC data (1) on the enrollment
for each system ly ClaSsi ethiiiCity, gender, full/part-time status, and year; (2)
the niunbef Of transfers between systems by source system, destination
system, class; etimkity, gender, full /part -time status, and year; and (3) the
number of fitSt flint ifethiften by system, ethnicity, full/part-time status, and
year:

Calculation of Sophomore; junior, and Senior Enrollment

ArialOgOti§ly to the fre§hfrieri class, we write the number of students
enrolled as SophEirriokeS; jiliiiors, and seniors in each system as

SPH(sys; *di-) = f^AEW (sy8') * FRS(sys, year 1)

+ eilLb,wisj* SPH(sys; year 1) + cTRF,(sys)

JNR(SyS;yeeii-- ) = CAL* (§ys)* SPH(sys, year 1)

+ CHLA(sys)* JNR(sys, year 1) + cTRF3 (sys)

SNR(SyS, year:) --:= CAM74 (Sys)* JNR(sys,year 1)
+ efriLb4(sys)* SNR(sys, year 1) + cTRF4(sys)

(A4)

4Actually; the ofigiii4i datd has First-Time Freshmen broken into cohorts of ethnicity,
gender, fiiiiipart4iiiie status, and year. In order to assign an age distribution, we
use the age di§tfibiitibri Of the entire FreShman class (which includes transfers and
holdove'r's ftorri previous years, which thus slightly skews the age higher).
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where the first term On the right Of each equation is the number of students
that advanced into that class from a lower ClasS, the second term is the
number that remained in the same claSs from the previous year, and the
third term is the nUitil5er that transferred into that class from another system.
Unfortunately, we Cann. Cit CalcUlate the advancement and holdover rate
coefficients directly, 13eCiiiise the existing data does not distinguish members of
a class (e:g. sophomores) advancing from the previous class (e.g. freshman)
from members of that class held over from the previous year (e.g: students
who repeat their' SCiph6fribre year); there is no data on "first- time"
sophomores. We Can; however, estimate these coefficients indirectly, as
described beloW:

Shires writes the iiiiinber of enrolled sophOmores, juniors, and seniors
as

SPH(sys,yedi-)= tADV2' (Sys)* FRS(Sys,year-1)+cTRF2(sys)

JNR(syS,yea0=eAbv; (sys) * SPH(sys,year-1)+cTRF3(sys): (A5)
SNR(sys,yecii.)= CADV,' (sys) * JNR(sys,year-1)+cTRF,(sys)

Shires estimates his effective advancement rates, cADV (sys), for the years
with available data; as the ratio between two adjacent classes. Using this
general methOd, we fifiti; for instance,

1 1995 SPH(SyS,year)cTRF2(sys)
CADV2' (S),;,0 (A6)

jiear=1993 FRS(sys,year 1)

where the summation iS used to average over three years. Similar ratios give
cADV3' (syS) and bli.W4' (sys): Historically; these ratio are relatively stable

over time.

We can now cOiiibirte equations (A4) and (A5) to relate cADV' to cADV
and cHLD. The equation's for the Sophomore class give

cADV2(sys)* PI'd(Syear-1)+cHLD2(sys)* SPH(sys, year 1)
(A7)

= cADV,' (sys) 4' FRS(sys,year 1)

and similarly for the and senior Classes.

We can get a Seeldfid equation for cADV,, (sys) and cHLD (sys) by
noting that in any giYeri Cohort of any given class, the students must either: i)



remain in the Saffie tiaSS; ii) adVanCe to the next class, or iii) drop out or
tiansfer to another" SyStein. Thus

cAbV (sjd) + diLbh(Sys)+ cDRP,,(sys)=1 , (A8)

where cbRP;, (s$) keieiS to Stildents leaving by dropping out or transferring.

We can now §ohie for cAbv,i(sys) and cHLD(sys) using equations
(A7) and (A8): We can use drop out and transfer-out data for the UC and CSU
systems available in the forth of life-tables which track cohorts of students on
a year- by -year basis (rather than grade-by-grade). While these data are not
necessarily ChafaCter with the enrollment data (which track
students by grades); the fact that we are mostly focusing on those students
who stay Within the systems 'father than those who leave makes this analysis
fairly insensitive to the details of the drop out rate. Not surprisingly, the
enrollment predictions bbtaiited using this method agree fairly closely with
the results Obtained by Shires.

For the Corrithunity Cciiieges, we calculate enrollments using Shires'
equations (A5); beCatiSe instiffiCient data is available to reliably calculate the
coefficients for equations (A4): Furthermore, we set the advancement and
transfei rates for the junior and senior classes to zero, since these classes do
not exist in the CCs: We treat transfers from the Community Colleges to the
freshinen, sophOinore, and junior classes at UC and CSU in the same way as
we treat transfer betWeen the four -year systems. However, we assume
Community College transfers going into the UC and CSU senior class come
from the CC sophomore class, Father than from a non-existent junior class.
Transfers from the CC's ate treated as a distinct cohort as they progress
through the UC and CStJ systems.

Calculation of begiee.s Awarded

We calculate the hiiiiibef of bachelor's degrees awarded each year by the
UniverSity of California and California State Universities as

Degrees (sys; year) = edRAD(sys)* SNR(sys,year 1) , (A9)

where eGRAD(sys) is the graduation rate for each system, broken down into
the various student cohort's enumerated above. We use 1.993 to 1995 data for
the ratios Of the number Of degrees awarded divided by the number of seniors



to calculate cdRAb(sj);s) .5 The available data also specify the number of
degrees awarded to students Who had transferred from the ComMunity
Colleges.6 BecauSe we 'track those transfer students Separately, we can also
project the riumbef Of baChelor degrees awarded to CC Students Who
eventually transfek into tJC or CSU.

5 These data may be obtained at the CPEC website.
6 From 1993 to 1995, nearly a quarter of all degrees awarded by UC went to such

transfers, with nearly one half for CSU.
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Appendix II

Detail§ on Admission Criteria

Constrained AdiiiigSions

Appendix I specifies the details Of the enrollment model for the case of
simple unconstrained adiniSSidri§, using equation (A4) for UC and CSU and
using equation 6'kj Rif the Community Colleges. For the case of constrained
adinissiOns, We assume that the constrained system limits its admissions each
year such that the revenues per student remains greater than or equal to the
1995 values. Thus; We Write thiS constraint as

eR venues(sys,year)
ErirOliment(sy, *at) throllment(sys,1995)* (A10)

Revenues(sys,1995)

where keveinies'(b6.;*efr) are the revenues for undergraduate education in
each syStein estimated as described in the next section. We assume that a
system admits the inakinilun number of students each year such that the total
enrollment satisfies equation (A10). If revenues are sufficiently large, the
System can admit all the 'students Who wish to become first-time freshmen, as
in equation (A1): If reNiefitieS are insufficient, equation (A10) becomes the
binding constraint and We calculate the number Of first-tithe freshmen
admitted iteratively; Sin& the revenues depend on the number of student
enrolled thnitigh the student fees.

In any given Seel-lane, We can set the admissions criteria, constrained or
unconstrained; individually for each system. Because of transfers, the
admission§ criteria at One system will affect the enrollment at another.
Figure A.2 compares 6th-611h-tent at CSU and revenues per undergraduate in
the case's Of Constrained and unconstrained admissions for the slow-growth
scenario for the state general fund revenues to higher education. Note that
unconstrained admission's results in larger enrollments than the
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constrained case blit 16Wer revenues available per student.1 With
-unconstrained adiriiSSietiS; alternative assumptions about the allocation of
State general funds to higher education has no effect on enrollment, as seen
in comparison with Figure 4, though it can have a large impact On revenues
per student. For constrained admissions, increased state funding increases
enrollment by raising the number of dollars available for undergraduate
education.

Effect of Student Fee Changes

In addition to financial constraints, adniissions of first time freshmen
can also be modified by changes in the student fee. Changes in student fees
Can affect potential students' decisions whether Or not to enroll in the UC,
CSU, and CC SyStefri§: We calculate the admission of first-time freshmen in
each syStem as a function of the fees by re-writing Eq. (Al) as

FTF(sys,ethnicibi,gender,age,xt,year)=
DemOg(ethni bitj7;gender,age,year) (All)

* cPRT(Sy.i;eihnicity,gender,age,xt,year)* ePRC(sys, fees),

Where ePRC(syS; fees) is the elasticity of demand for a given system based
On the fees in all sySteffiS (to allOw for both self- and cross-elasticities).

1 The apparent decrease in revenues per student in the constrained case arises from
the fact that the ifidcieled revenues per student increases from 1995 to 2000; the
subsequent deClitie merely returns this value to the 1995 level by 2014.
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We estimate these elasticities from data compiled by Tom Kane of the
National bureau of tebribria Research. Kane estimates the effects tuition
increases On erirdllfiient in systems within the same state (based on national
data). His pfelifilinary iiiidings indicate that:

the effed of a $ibob in 1991 $) increase in public 2 year tuition is:

A decfea§e in public 2 year enrollment of 4.7%

An increase in fiiii3liC 4 year enrollment of 1.8%

Ari increase private enrollment by 0.4%

The effed of a $ibob in 1991 $) increase in public 4 year tuition is:

Ari increase in public 2 year enrollment of 0.5%

A decreak iri public 4 year enrollment of 1.2%

An increase private enrollment by 0.5%

In our rriociei, tie w'r'ite these relationship's as

ePi?C(syS1,UCieeS ,CSUfees,CCCfees)
(Al2)k sys2) .1000 A(sys2)1

.sys2

Where the product 1§ over the three types of systems, sys2 = UC,CSU,CC;
A(sys2) = Fee(SJ42,year) :F'ee(sys2; year ---1) gives the year to year

change in the stilderit iee§ at various systems; K is a simple constant; and
cELS(sYst,$);s2) i§ the §elf cross- elasticity for demand at system 1 due to

fee changes at sy§teiti 2 gitieti by Kane. For instance, the effect on Community
College enrollment due to a $iboO increase in Community College tuition is
cELS(CC; CC) 047: there is little agreement about the value of price
elastiCities within the education community; values ranging from -0.74 to
+0.41 have been ciferl:2 We thus consider three alternative values for the
constant K, K and 3. We also consider four alternative estimates of fee
increases: 0%; 1%; 2%, arid 36/6 per year. Some of the results of this modeling
is shown in Figlite 8. Iii general, fees had only a small effect on enrollment
even with K

2Larry L. LeSlie and Pail! T. Brinkman,an, "Student Price Response in Higher Education:
The Student DeMand StUdies," Journal of Higher Education, Vol. 58, No 2,
March/April 198; pp: 181 -204.

-39-
45



Appendix III

Details of Revenues to Education

In Section 2; We Ebn§idefed the impact of state general fund allocations as
'revenue's into the various systems. In this appendix, we consider systein
'revenues in intire detail.

We *rite the reVefitle§ available for undergraduate education in each of
California's public §ysteift§ of higher education as the sum of funds given
directly to each Sy§tein fibin the state and local government, as well as the
funds given to each §y§teiii by each attending student in the forin of fees.
Thus;

ReVdmi6§(#,;yecir) Siate(sy,yeczr)+ Local(jys, year)

+ f'ee(gys,:,) di;) tnroll(sys , year)

The state hinds ifiatide Contributions from the general fund, lottery
tevenueS, and Other state S'diirees. The local revenues, only applicable for the
community colleges, toihe irbiii property takes. In our study, we assume that
these state and l6Cal ttifitribiltibns are independent of the number of students
attending each Sy Stein: tin the other hand, the revenue each system gains
from fees is prdpcirtidnal to the number Of students enrolled. This fees term
includes fee's paid t irectlyT by the tudeht as well as any financial aid which
flows to the system Via it§ efirblied students. In this analysis we focus only on
revenues associated With the Costs of current operations: We leave the
important topic of capital costs for future work.

The state arid 1661 flifiding for each system each year is written as

State(sys , year) S'itite(§yi ;1995) * [1+ GroviiState(sy,01
Year-1995

(Al2)

L,Occil(ye6r) Lbcii/(1995)* [1 -k GrowLocairear-1995

where Stcite(#s:1995) and Lacci/(1995) are the state and local contribution
in 1995 and Gibilikite(sYs) and GrothLocal are the growth rates describing
how the funding changes over time. All three systems get state funding; only
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the Community Colleges have support from local property taxes. In 1995, the
University of Caiifoinia spent an average of $6,809 in state hinds for each of
the 153,571 full-tithe equivalent students enrolled. Thus we take
State(UC,1995) $i;04,66;000 . Similaily, the California State University
spent an average Of $4,734 in state funds to educate each of 252,000 full-time
equivalent stUdent§; §d that ,§tate(CSU, 1995) = $1,192,968,000 . In 1995, the

Community Colleges §fierit an average of $3,050 of state and local funds to
echicate 858,606 full-tiffie equivalent students, with about half of these funds
from property taxes; §0 that Seate(CC ,1995) = $1,434;681,000 and
Local (1995) = $1, JA4,661,000 . Dividing CPEC values for total revenues
from fees by total ETE enrollments in each systeni gives values for average fee
per student as Fee(Cfe;1995) = $3,800, Fee(CSU,1995) = $1,850 , and
Fee(CC,1995)=-260
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Appendix IV

Details on Productivity

Iii this api3eridik; We Will Consider in further detail how productivity
measure's are used and inaiiiptilated in our model. In one of his definitions
of prOdUttiVity; tp§feih (i09 ) defines productivity improvement as a
measurable redUCticiri in cost While maintaining or improving key measures
of effeCtiVerie§§1 'to address this measure in our simulations, we take the
graduation and ddvariCeirierit fates for each system in equationS (A4) and (A9)
as our key measures of effectiveness. We define an annual rate of
prodUctivity itrifirciVeffient pi as the rate at which the minimum revenues
needed per sitidefit Can dec'rea'se while the graduation and advancement rates
remain unaffected: We Btu's re-write equation (A10) for the maximum
enrollment for each §y§teiti in the constrained admissions case as

Year-1995

1 HEPI
1+ HEPI + p,)

Revenues(sys, year)
Efirbliifteht(gYS;1995) *

Eni-olitheift(s§; year) *

Revenues(sys,1995)

Note that we have detihett the productivity pi relative to HEPI, so that a
productivity iiiiproVeffiefit Of pi = 0 means that the number of dollars
necessary for edCh §y§teiii td educate an undergraduate just keeps pace with
inflatiori:1

FigUre 5 in Section 2 Eoiripares UC and CSU enrollments for p, = 2%
annually ("LOW EfEiCieriCy);1.9, = 0% ("Flat Efficiency"), and pi = 2% ("High

Efficiency") eiiielericy increase in the constrained admissions case, assuming
the Optimistic kehafib fizir the state general fund revenues. For comparison,
enrollment's tinder the Unetifi§trained admissions case is also presented. We
see that a high 'rate Of prbdiittiVity growth reduces the access deficit alinost to

(A13)

lln fact, this Method relies On average costs. A similar method can be used to
perform this artaly§i§ with Marginal costs, with some fixed (not proportional to
student body) ainciiint Of revenues subtracted off the total.
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zero while a negative fate of growth causes very large access deficits, similar

to the situation of the Pessimistic estimate of revenues from the State general
fund.

In a second definition, Epstein defines productivity improvement as a
Measurable iirtprcivernent in Some key measure of effectiveness while
Maintaining Or reducing costs. To address this measure in our simulations,
We use either unconstrained admisSions Or constrained adinissiOns with
pi = 0% , and define an annual rate of productivity improvement p2 as the
rate at which advariCeitterit and graduation rates increase, applied to all the
cohorts.' ThUS,

CAVA(sys,Yeak)= eADV(Sys)*[1+
-1995

CGRA(sys,Y&zr) eGRD(Sys)*[1+
-1995

Figufe 7 in Section 3 ShOWS the effect of variations in the advanCement and
graduation rates on enrollments and degrees awarded by the CSU. Similar
results were seen for UC, though the differences between low and high
efficiencies were not as great (since advanCement and graduation rates are
higher for UC, there is less room for improvement).

(A14)

2HOwever, values for CADV and cGRD are capped with a maximum value of 1.0.
These rate's are applied to Community College students mainly in terms of the
progress Of CC transfers through the other two systems.
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